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COMPOSITE ELECTRODE FOR ARC FURNACE

BACKGROUND OF THE INVENTION -

1 Field of the Invention

The invention relates generally to an electrode for
arc furnaces, and particularly to a composite electrode
comprising a liquid-cooled non-consumable upper por-
- tion and a consumable tip portion joined to the upper
portion by liquid-cooled connection means.

2 Description of the Prior Art

The conventional material employed for the fabrica-
tion of electrodes for arc furnaces is graphite. These
electrodes are consumed in use due to erosion and cor-
rosion caused by oxidation, vaporization, spalling and
other factors. This consumption involves tip losses,
column breakage losses and particularly side oxidation
losses. An average electric furnace consumes four to
eight kilograms of graphite per ton of steel produced.

One method for reducing the consumption of graph-
ite electrodes in arc furnaces has been the application of

a protective coating or cladding material to the elec--
trodes with oxidation resistant materials. These coatings

generally increase the contact resistance to the elec-
trode clamp, and some are corrosive, as they are based
on phosphoric acid. Consequently, they have not found
wide acceptance.

Another means for reducing graphite electrode con-
sumption involves the utilization of fully non-consuma-
ble electrode systems. The systems employ full length
fluid-cooled electrodes with selected apparatus to pro-
tect the electrode tip from the extreme temperatures of
the arc. Although such systems appear in patent litera-
ture, this design has not been commercially successful.

It has been suggested heretofore that composite elec-
trodes comprising carbon or graphite portions attached
to a water-cooled metallic piece would provide means
for reducing electrode consumption in arc furnaces. A
number of patents have issued on specific composite
electrode designs. For example, U.S. Pat. Nos.
2,471,531 to MclIntyre et al.; 3,392,227 to -Ostberg;
4,121,042 and 4,168,392 to Prenn; 4,189,617 and
4,256,918 to Schwabe et al.; and 4,287,381 to Montgom-
ery relate to liquid cooled compostte electrodes for arc
furnaces. Likewise, European patent applications by C.
Conradty Nurnberg designated 50,682; 50,683; and
53,200 are directed to composite electrode configura-
tions. | |

OBJECTS OF THE INVENTION

It 1s an objective of the invention to provide an im-
proved composite electrode for arc furnaces.

[t 1s a further objective of the invention to provide a
composite electrode wherein consumption of the graph-
ite portion is substantially reduced.

It 1s a still further objective of the invention to pro-
vide a composite electrode which 1s able to resist the
harsh environment of an arc furnace and thereby have a
long useful life. '

SUMMARY OF THE INVENTION

The invention is essentially comprised of a metal
tubing main structure with a hollow metal female
socket attached at its lower end, cooling liquid inlet and
outlet ports at its top end, a central cooling liquid sup-
ply reservoir cylinder occupying the majority of the
internal volume of the main tube, terminated at its lower
end by a header end plate having a port and tubing
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2

leading to the interior of a hollow nipple threaded into
the socket. Cooling liquid enters the electrode through
an nlet tube in the upper end plate, passing into the
central reservoir, which acts as a water supply and heat
sink, out of the tubing at the lower end into the hollow
metal nipple. The coolant then passes back out of the
nipple into a chamber above the nipple and below the
lower end plate of the internal cylinder, through pas-
sages 1n the lower end plate, into the annulus between
the internal cylinder and the tubular main structure and

out of the electrode through outlet ports and tubing in
the upper end plate. The preferred coolant is water,

suitably treated to avoid scale deposition and corrosion

by commercially available chemical and electrical treat-
ment, not forming part of this invention.

The lower portion of the electrode is protected from
radiant heat and electrical arc shorting by a series of
graphite rings encircling the electrode. These are held
in place by a metal retaining ring at the lower end of the
female nipple socket fitting a notch in the lower inside
diameter of the graphite rings. Each of these is loosely
fitted, thus if the bottom one of these rings is damaged,
the next one above will slip down on the tube to replace
it.

DESCRIPTION OF THE DRAWINGS

r1G. 1 shows main tubing 12, plated or metallized
coating 13, upper end plate 14, retaining ring 16 welded
to the outside wall of the main tube, plate retaining bolt
18, O-ring 20, coolant inlet tube 22, spacer tube 23,
coolant pipe outlets 24, internal cylinder head plate 26,
internal cylinder tube 28, O-ring 30, spacers 32, com-
mon lower end plate 34, main tube extension 36, cast
aluminum nipple socket 38, explosion bonded copper
socket plate 40, hollow copper nipple 42, lower coolant
tubing 44, graphite rings 46, retaining ring 48, socket
anchoring pin 50, insulating felt 52, graphite electrode
54 and the topmost beveled graphite ring 38.

All joints are welded, and where possible, are sealed
with O-rings.

FIG. 2 1s a cross-section of the common lower end

plate 34 showing the angularly drilled water passages
56.

DETAILED DESCRIPTION OF THE
INVENTION

The invention has as its main outer structure a single
piece of heavy-walled metal tubing. This tubing must
have sufficient mechanical strength to support the
graphite lower section and must be able to withstand
the mechanical stresses in the arc furnace where falling
scrap, rough handling and mishandling are normal ha-
zards, and must also transmit the arc current to the
graphite electrode without excessive losses due to resis-
tance heating. Aluminum alloy was used due to its fa-
vorable combination of conductivity and strength-
welght ratio. It 1s also possible to use steel tubing, which
introduces a severe penalty in resistance heating, or
copper, which has an unfavorable strength-weight ra-
tto. Another possible choice would be a copper-clad
steel tube, possibly one made with an explosively
bonded combination. Aluminum is the preferred mate-
rial of construction. Other more exotic metals, e.g.,
titanium, might perform well but would be too expen-
sive for this application.

A metallized or electroplated layer of a metal having
a low contact resistance with the power clamp may be
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applied to the exterior of the main tube, to overcome
the high contact resistance shown by aluminum due to
the surface oxide always present. Metals useful as such
coatings include silver, nickel, palladium, chromium,
tungsten, tantalum and gold.

The upper end of the main tube has a heavy end plate
featuring a coolant inlet and one or more outlets. A
retaining ring for the end plate 1s welded (or 1t can be
threaded) to the tubing and the joint is sealed with O-
rings, as are all of the joints in the structure. In this
instance the coolant inlet is a piece of tubing passing
through a center port of the end plate continuing down-
wardly a relatively small distance until it joins a central
internal cylinder having a relatively thin wall and occu-
pying the major part of the volume of the main struc-
ture. This internal cylinder serves as part of the coolant
supply and reservoir for coolant, as well as a heat sink
for absorbed conductive and radiant heat. The internal
cylinder is held firmly in place by spacers between it
and the main structure wall, and at its lower end by
spacers between the lower end plate or header and the
nipple socket. |

The main tube and the internal eylmder are termi-
nated by weld joints to a common lower end plate of
heavy aluminum. The outer diameter of this plate is the
same as the outside diameter of the outer main tube, and
is beveled at its periphery so that its lower face has a
smaller diameter. A smaller diameter extension tube
with the same outer diameter as the lower face of the
beveled lower end plate is welded to the end plate.
Passageways are drilled obliquely in the bottom plate
approximately parallel to its beveled periphery to direct
the coolant flow upward from the chamber above the
nipple through the annulus between the two cylinders.
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The main tube extension constitutes the lower part of 35

the electrode which experiences the greatest heat, elec-
trical, and mechanical stresses, and is below the range
clamped during operation of the furnace.
The lower end of the main tube extension has a cast
“aluminum female nipple socket which has the same
external diameter as the main tube extension and is

solidly mounted thereto by a weld and by a threaded

section engaging the correspondingly threaded inner
wall of the lower end of the tubing. In this instance the
nipple is machined from a hollow copper casting for
good heat transfer. The nipple has a bi-frustro-conical
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shape; however, a straight sided nipple could be used

since nipple breakage should not be a problem, as it 1s
with graphite nipples, ‘this nipple bemng permanent, or

semi-permanent in comparison to graphite. The nipple.

is pinned into place in the socket with a radial pin. -

50

The face of the nipple socket has a plate of coppef -

explosively bonded in place to facilitate electrical con-
ductivity across the interface between the upper metal
section and the lower graphite electrode, although most
of the current will pass through the copper nipple to the
graphite electrode.

The lower end plate has a central cooling outlet tube
which terminates inside the hollow nipple, with either
an open end or with side openings to increase the flow
velocity at the side walls. |

The coolant enters the electrode through the top
inlet, passes through the internal cylinder and into the
nipple, and back up out of the nipple into the chamber
between the nipple socket and the lower end plate, then
through passageways or channels in the lower end plate
into the annulus between the two cylinders and back
out the outlet or outlets in the upper end plate.
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The lower unclamped area of the electrode, being the
main tube extension, is covered with a series of superim-
posed graphite rings which protect the socket area from
radiation, slag, arc shorting, and mechanical damage
during furnace operation. These rings are loose-fitting,
have approximately the same outside diameter as the
upper clamping section and are held in place by a retain-
ing ring at the lower end of the socket, which fits a
notch in the lower inner diameter of the rings. If the
bottom ring, which is most likely to be damaged, falls
off, the rings above it will slip down to protect the area
of most danger. If an arc occurs between a piece of
scrap and the composite electrode, the metal 1s pro-
tected against melting by the graphite rings, which
diffuse the current and the heat produced.

The topmost graphite ring is beveled complementary
to the lower end plate of the main tube, with the inter-
face between the two beveled edges further protected
by an inorganic fiber felt, either carbon or a silicate fiber
such as Fiberfrax ®), bonded in place by an inorganic

high temperature-resistant adhesive.

I claim:

1. An e]eetrode for an electric arc smelting furnace
comprising an upper liquid cooled section, a hollow
threaded eonnectlng nipple, and a graphlte lower sec-
tion,

(a) said upper section comprising:

1. a cylindrical main outer structure formed from

metal tubing;

2. a head plate secured to the upper end of 1 having

~a cooling liquid inlet and outlet;

3. said inlet comprising tubing to be connected to
an exterior liquid coolant supply and passing

- through said head plate, connected to a port in
the top plate of a metal internal cylinder which is
concentric with said main structure and sepa-
rated therefrom by spacers;

4. said internal cylinder serving as a liquid reser-
voir, heat sink, and passageway for cooling lig-
uid and occupymg a majority of the internal
volume of said main structure;

5 said main structure and said internal cyhnder
having a common lower end plate having a cen-
tral cooling liquid port fitted with a outlet tube;

6. said lower outlet tube extending into the cav1ty
of said nipple;

7. the periphery of said lower end plate belng bev-
eled; :

8. cooling liqud passageways extending from t0p
to bottom of said lower end plate approxlmately
parallel to said bevel; -

9. a cylindrical member comprising metal tubing
defining a chamber depending from and having
about the same diameter as the lower side of said
lower end plate, and having attached thereto at
its lower end a female socket for said nipple;

10. the socket and chamber areas being insulated by
a series of superimposed exterior graphite rings

 having approximately the same interior diameter
as the exterior of said socket and chamber and
having about the same exterior diameter as satd
main structure, the top ring of said series being
complementarily beveled to the beveled periph-
ery of said lower end plate, each ring having a
notch at its lower interior edge fitting a retaining
ring attached to the exterlor lower dlameter of
said socket; |
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11. said socket being hollow metal and having
internal threads adapted to hold said correspond-
ingly threaded nipple in place;

12. said inlet, internal cylinder, lower outlet tube,
the annulus between said lower outlet tube and
said nipple, said chamber, said passageways, the
annulus between said main structure and said
internal cylinder, and said outlets forming a con-
tinuous path for cooling liquid.

2. The electrode of claim 1 wherein the metal of
construction in the upper section 1s aluminum.

3. The electrode of claim 1 wherein the main tube i1s
coated with a metal effective to provide a lower electri-
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cal contact resistance with the power clamp than the
uncoated metal tube.

4. The electrode of claim 3 wherein the coating metal
is selected from the group consisting of silver, nickel,
palladium, chromium, tungsten, tantalum, and goid.

5. The electrode of claim 1 wherein the nipple is
copper. |
6. The electrode of claim 1 wherein the member 9 is
internally threaded at its lower end to engage corre-
sponding threads on the top portion of the extertor of
the socket.

7. The electrode of claim 1 wherein the nipple 1s held

in place after assembly by a radial pin.
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